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A method of and an apparatus for estimating 
the quality of service of a radio channel in a radio 
communications system. The bit error rate for 
each of a set of plural samples of a signal on a 
radio channel is estimated. The number of bit error 
valves in the set falling within each of a plurality 
of particular bit error rate ranges is determined. 
The determined distribution of the bit error rate 
values in the sampled set is then compared with 
predetermined reference bit error rate distributions 
which each represent a different channel service 
quality. The quality of the sampled signal is 
determined to l>e the quality of the reference 
distribution that the sampled signal bit error rate 
value distribution huvm closely matches. 
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Radio ru nnel Quality Estimation 

The present invention relates to a method of and 
apparatus for estimating the quality of service provide, 
by a radio channel. 

In many mobile radio communication systems, such as 
private mobile radio systems and cellular telephone 
systems, it is desirable to be able to estimate the 
quality of service provided by a radio channel. Such 
quality estimates can be used, for example, to drive 
cell or base station reselection processes to maintain 
radio channel quality, or to help decide when and if. to 
hand a portable radio over from its present base static; 
or cell to an adjoining base station or cell as the 
radio moves around. Typically a cell reselection or 
handover decision would be based on, inter alia f which 
of the present and potential new radio channels have the 
better quality. There rs therefore a need for a 
reliable method of estimating the quality of radio 
channels . 

A number of different parameters, such as the 
received signal ' stireri^th, the"' signal" to noise ratio, the. 
carrier ; to ■• interferences-ratio-,- or the ' bit 6rror rat e of 
the signal, can bemused as. an indication* of the signal 

-quality on a radio- i channel . For example, a high 
received signal strength implies* a -strong signal and 

• thus. -could be equated to a "good" quality channel. One 
way of estimating radio channel service ^quality 
therefore is to consider the instantaneous value of one 
or more of the parameters typically . used as an 
-indication of the, channel quality. 

However, in. a typical mobile radio, communications 
environment, signal degradation and errors will occur ii 

^-vcry bursty manner due to the presence of Rayleigh 
fading in the communications channels. -This can lead tc 
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problems when using a single measurement to estimate the 
channel quality. It is therefore desirable to perform 
some form of filtering of the signal quality data to 
provide a more statistically stable result- (and thus a 
more reliable estimate for the channel quality). This 
can help, for example, to prevent unnecessary "ping- 
pong" effects where a "mobile radio. bounces between a 
number of radio sites if the "estimate is being used to 

drive cell' reselection. - 

- One way to do this is t<b take the average, i.e. 
arithmetic mean; of plural signal quality measurement 
samples: However, a problem with such averaging is that 
■ for it to be practically useable ■,- i . e . able to respond 
quickly ' to real quality changes, it must be performed 
over \a - relatively small number of samples, which means 
" that the averaging process- remains susceptible to errors 
caused : by abnormal samples, - such as' unusually high error 
bursts- arising; for 'instance; from some form of external 
interference.- ' . - • ■ 

0 '* According to a first 7 aspect of the present 

invention, there is provided a method of. estimating the 
quality of service of a radio channel in a radio 
communications system,- comprising: 

•determining -the value of a parameter indicative of 
5 signal quality for each of a plurality of samples of a 

signal on the' radio channel r ^and 

estimating the 'radio- channel service -quality on the 
basis of the distribution of the values in : a : set of two 
or more 6f the detefmined r parameter - values . 
0 ' According to a second aspect of the -present . 

invention, there is provided' an apparatus- for- estimating 
th*": quality of service- of a- radio channel in a radio 
communication- system, comprising: 

means for determining the 'value of a parameter 
-3- rncnrcative of ■ signal, .quality for each of a plurality of 
samples of a signal oh the radio channel; "arid 

means for estimating the radio Channel service 
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, quality on. .the basis, of .the distribution of the values 
in. a set of two or more of the determined parameter 
values . - 

In the present invention, a set of ..values of a 
parameter indicative of signal quality is determined ro- 
a signal- on the radio, channel ., and the channel service 
quality is estimated in accordance with. the dist nbut : ou 
of the values in the set.- ...... 

The Applicants have found that the way that the 
..values in a .set. of sampled values of .a parameter 
indicative of ; ra<iio . signal quality, are. distributed or 
spread differs for. different signal .qualities , such thdc 7 
the distribution. of the parameter values. can be used -s 
an indicator of and thus to. estimate . radio channel 
15. service : quality. However, because the distribution r-r 

the. parameter values is . being used, the quality esniT.ace 
: is less -susceptible to .errors introduced by abnormal 

sample values .., ,. It is believed therefore . that the 
present invention provides a more reliable method of 
20 estimating radio channel. service quality in a mobile 
radio, system. 

- . Indeed the Applicants have found that it will in 
many cases provide a better estimate of radio channel 
.service quality, than, .for example, merely averaging bit 
25 error rates arid that in particular. it is., much less 

susceptible than : qiveraginig : to qual it y estimation errors 
caused. by abnormal, samples with very high bit error 
rates . ■ . . .. 

The frequency and spacing of ..the samples for v/hich 
30 the .parameter value, is determined can be selected as 

desired, -e.g. to achieve the required number of samples 
- -.in the time -period -allowed to .produce the. quality 
estimate and/or- the number necessary to achieve a 
reliable estimate.. Preferably.,., the - samples are taken 
3.5. : .. spaced, _p^£^rably regular and preferably., predetermined , 
time intervals, e.g.. every second. 

For example, to take into accrount the effects of 
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be distributed in 
Rayleigh fading, the sables could^ wavelengcns . To 
. sp ace. across 100 to 200 «^carri at , 0 „ «Hz, it 
achieve this at typical, veh.cle spee ^ ^ 

^therefore be ^ ■ an indoor 

S -cond intervals. Tor pedestiia > ^ 

„cina very smaiJ P lt - ( -' • 
environment using very ^ interval 

r , t . could. ,or example-, .be r,e • ^ 

• corresponding^ would be , 5 seconds, 

sample at 3 mph, M 1800 n interval in 

but, this is not essential, - _ - ^ - 

^ t-no camDles will aepeuu ^ 
The form of the. aamp- — example , 

. . parameter, being measured, but coul ^ ^ . In 

1S comprise a particular portion _ ■ - — packets , 
systems .where, -the. ignal ^cpmpr r ses ^ . (TErre strial 
timeslots -or. bursts, (such as comprise s a 
. Trunke4 RAdiO!. -ch sample prefer^ , > ^ (e . g . 
, sinole.pacKet^imeslo^ ■ « : ± « t ^ er indicative 
20 , when using bit error ^ „, f or. example, 

of signal quality) . 18tn frame, as that 

, samples; are preferably 4or . traffic or 

frame is idle and not necessarily 
. useful .information- ^ . ^.^er values of .the radio 
The number,o £ sampled ^^ ributi , n is. to be 

signal in desired and would 

considered.^ also •^-electe? . suf£icien t 
normally be predetermined. The ^. - suf £icien tly 

V alues for ^ ^^e^be number of values 
30 . reliable estimate, but the^gr A set 

.. the longer the gualxty. estimation p ^ aflequate 

statistical- -^^ s by the. time it taKes 

ot -»- w »—-in.Ah« set. ble response, a 

to gather the ^ 

6 ^^,W ^U ty can be 
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any' such parameter known : ih the art, such as' the 
received signal strength, the signal to noise ratio, or 
the carrier to interference' rat io : Preferably " the 
signal quality parameter is a single variable, such as 
the bit error rate alone (rather than in combination 
with another variable). : 

In a particularly preferred embodiment the 
parameter is the bit error rate (BER) . This has be*n 
found to be particularly suitable , since it corresponds 
more closely to the user's perception of signal quality. 

The bit error- irate for each sample' can be- 
determined in any suitable way known in the art. For 
example, the sample could be taken from a portion or the 
signal comprising 1 a known sequence of bits (e.g. a so- 
called 'training sequence^ ) and the sampled sequence 
compared with the known sequence to determine the bit 
srror'rate. Alternatively, the' number of errors in a 
section of the signal could be' assessed by examining th . 
forward error correction (FEG) : -information which is 
inserted into- the signal for protection of channel 
-errors. However, this is not as* -effective as examining 
a known sequence, such as a training sequence, as an 
error in the FEG part of the signal -may "give a 
misleading result. In a TETRA system > the- 'frequency 
correction burst 1 : and » synchronisation channel ( may also 
be used* to assess the -bit error rate. - ' 

Ih~anothei* particularly -preferred embodiment, the 
parameter indicative of " ^ignai quality is ' the variation 
of a set' of two or more determined- values for a given 
parameter' iEor a ' signal on' the radio' channel Thus the 
present invention- preferably further comprises steps of 
or* means for ^ determinihg the value of a particular 
parameter for each -of a plurality of samples of a 
modulated sfgnal on the radio channel; and determining 
the variation' ! 6f a set of two or more of the det?.raii ned. 
parameter values. The determined variation value or 
measurement would then be used as one sampled value of 
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the. parameter indicative of signal -quality, such that 
plural such variation values would be used to form a set 
• whose distribution could then be determined to provide 
an estimate of service quality.. 

The Applicants have recognised that the variation 
of a set of determined values of a particular parameter 
for a radio signal gives an indication of the 
consistency of the signal over the set of samples, and 
can therefore be used as an indicator of signal quality. 
The variation will depend upon r both signal fading and 
any high-energy interference which is increasing the 
received signal .energy, and, thus. is sensitive to the 
effects of interference (e.g. co-channel and adjacent 
channel interference and narrow band . jamming)., in 
addition to additive white Gaussian noise. Furthermore, 
determining the variation does not -involve the ., 
comparison of known signal sequences, and thus does not 
require any. prior knowledge of what has been transmitted 
nor need any synchronisation between .transmitter and 
receiver. 

Thus according, to a third aspect of the present 
.invention, there is provided a method of estimating the 
qualit;y of : se TOce of. a radio channel in a radio 
communications system, comprising: 

. determining the instantaneous value of a particular 
parameter for each of a .plurality of samples of a 
modulated signal on th§ .radio . channel ; 
• - determining the variation .of .a set of two or more 
of the . determined parameter values ; 

determining the variation .of at least one further 
set of two or more of the determined parameter values';" 
and , , 

.. .estimating the radio ..channel, service .quality on the 
basis of ..the distribution, of the values in a set of two 
or more of the determined, variation values. 

According to a fourth aspect, of the present 
invention, there ^Ls provided an . apparatus - for estimating 
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the- quality of service of a radio channel in a radio 
communication system, comprising: 

means for determining the instantaneous value of a 
particular parameter ■ for each of a plurality of samples 
5 of a modulated signal "on the radio channel ; 

means for determining, ' for each of two or more sees 
of two or more of the determined .parameter values, the 
variation of the determined parameter values in the set:; 
and * 

10 * means for estimating the radio channel service 

quality on the basis of the "distribution of the values 
in a set of two or more of the 'determined variation 
values. " ' ' 

"■■The particular parameter/ the instantaneous values 

15 and variation of which are to be determined, can be 
selected as desired and could comprise a parameter 
" normally used to estimate signal quality such as signal 
strength; It is preferably predetermined. 

in a particularly preferred embodiment the selected 

20 particular parameter is one that would, in an j deal 

signal, be substantially identical for each sample of 
the signal; as then any variation "in the parameter value 
will be due substantially to signal degradation or 
distortion, i.ei quality loss.-" 

25 The Applicants' have recognised that in many radio 

communication systems; the modulation technique used 
imparts to the carrier wave characteristics which at the 
instant of "modulation" are common to every sample or a 
particular set r of samples of the signal on the radio 

'3*0 channel. For example, in analogue systems , the radio 
signal "may be : modulated to initially have one or more 
constant parameters. In FM (frequency modulation) the 
amplitude of each sample of the signal is set to be the 
same and in AM (amplitude modulation) the relative phase 

35 of the signal is set to be the same. 

In digital modulation; samples, and" in particular 
symbols (i.e. the discrete individual states to which 
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the modulated signal is constrained at periodic 
intervals, as is known in the art), of the signal are 
also initially modulated to have one or more identical, 
common characteristics or parameters.. For example, each 
symbol may be modulated to have, the same initial 
amplitude relative to the carrier wave. .Alternatively 
or additionally each symbol- may be initially modulated 
to have one of a set of predetermined values of a 
particular parameter or parameters, which value or 
values are then varied relative to each other for one or 
more symbols in a predetermined .manner by the . 
■■-> modulation, such that removal of the known modulation 
induced differences, would leave each symbol with the 
same value for that particular parameter or parameters. 
An example of this could, be the phase of each symbol 
relative to the carrier: wave, which could be identical 
when the symbols are demodulated or mapped to a common 
phase quadrant so as to . remove modulation- induced phase 
differences. 

0 Thus the particular parameter, the; variation of _ 

• which is to be. considered, could, for example, comprise 
•the amplitude of each sample, or .a phase measurement for 
each sample, relative to the carrier wave-. 

In an ideal signal these common characteristics or 
5 parameters would remain unchanged (and thus identical) 

during transmission.-. However, in practice, these common 
characteristics are , distorted. or .changed by .different 
amounts during transmission . Thus- by looking at the 
variation of -the nominally, common characteristics (e.g. 
0 sampled signal amplitude) over a set of samples of the 
received signal, a particularly good indication of the 
: • distortion induced in the transmitted, signal , and thus 
' the signal quality, can .be. obtained,, and using only a 
- relative small number of samples. : . . 
)5 The samples of which the particular parameter 

values are to be determined can be selected (e.g. as 
regards their spacing in time) as desired, as can the 
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number- of determined, particular parameter values tc r>e 
used in ; the set" of which' the variation is to be 
considered. Preferably, the set comprises. a - 
predetermined number of .parameter values, and preferably 
at least sufficient values to. average out variations 
caused by Gaussian, noise, and,- where appropriate, most 
preferably sufficient values to average, out Rayieigk 
fading. The spacing- and timing of the samples, and the 
number in a; set, should be such- .as to provide a 
practically useful .and statistically reliable result 
(e.gv to avoid sampling over, too . long ..a ■ period for a 
given set" which might lead to: errors induced by users 
deliberately changing the power :of their .signals) , as 
will be appreciated- by those skilled in. the art. 

In a particular .;pref erred embodiment the samples, 
"the particular parameter .values of which are to be 
determined, are', selected; to , ensure that-, the parameter 
value being- considered" .would ; be:: substantially identical 
for each sample in an ideal signal. T : hus where a 
digitally 1 modulated signal is- being analysed, the 
samples preferably comprise symbols,., and most preferably 
Immediately successive symbols ,\ of- the digitally 
modulated signal.:: 

• The" particular parameter value for each sample can 
be determined in any. suitable manner known in the art. 
For. example,: the sampled symbols, of ... a digitally 
■ modulat'e-d phase - shift -keyed :signal -can ,pe demodulated 
• • (or- differentially., demodulated, if ...differential phase- 
: shift -keying is 'used, . such-as would., be. the case in the 
TETftA system) or mapped. to . give not ionally, common 
•characteristics, (e.g... phase values! -.i.e.-. to remove any 
modulation induced parameter:, : e.g.: phase, differences, 
and the vaf-iation: of one- or more, of the. parameters , such 
as amplitude or phase of .the- so mapped-, or-, demodulated 
signals 1 'fchte'n';-efrSalysed::...LThis- mapping could be done by , 
e.g; : taking the- modulus, of the real and ...imaging parts of 
each symbol, and/or by changing the determined 



, ; pcT/GB99/01530 

WO 99/59273 

- 10 - 

instantaneous parameter- value in a predetermined manner 
based on the determined instantaneous value . 

The variation of the set of determined particular 
parameter values can be determined in any suitable 
5 manner. For example, the extent of deviation of the 

values from a mean, modal or middle value, the range of 
the values, the difference between two selected values 
; (e.g. the highest and lowest), or the standard deviation 
of the set of 'values could' be used to indicate. and 
id represent the variation. •-' . - 

In one preferred embodiment., the variation is 
determined by calculating the variance of the set of the 
determined particular parameter values. This is a 
particularly suitable way of determining the variation 
15 of a set of parameter values. Thus the apparatus of the 
' present ' invention preferably comprises, means -for 

calculating the variance of -the' set of the determined 
particular parameter values. The variance of, the set of 
' determined parameter values can be calculated using 

20 known statistical techniques. 

In" another preferred embodiment, the variation of 

the set of sampled- values is determined by considering 
the error of each value from its expected value and then 
considering the -errors.' of a. set- of sampled values. For 
25 example, by statistical analysis, such as taking the 

mean or modal- error- value, ..or. considering, the variation 
: (e.g. variance or standard deviation) of; the error 
values, a measure of the .variation .of the parameter 
values can be : obtained. ■. 
30 The error- value for each sample, can be derived as 

desired.- It is preferably the difference between the 
expected instantaneous ; parameter value . (e.g :r . amplitude 
or phase) (which. value' would normally be, predetermined 
by the modulation technique being used) and the observed 
3 5 determined value of that- parameter for that sample. In 
- _ a digitally modulated signal, the : samples should be 
symbols of the signal, and thus, the error value is 
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preferably the difference between the expected 
instantaneous, amplitude .or phase of a symbol of that 
type and the observed amplitude or phase value*, 
respectively, for -the symbol 

In a particularly preferred embodiment where the 
quality of a digitally modulated .radio channel is t? he 
estimated, the present invention . preferably .comprises 
steps of or means for- measuring the amplitude anc./o: 
phase' of each of . a plurality, o,f symbols in a. digitally- 
modulated signal on the radio . channel ; and determining 
the variation of a set. of two- or more, of the measured 
amplitude and:/or phase .values. : 

•This- embodiment- of .the present invention pref erar.^v 
further comprises steps of or means for removing ar:> 
"modulation induced .phase and/or amplitude differer,c^ 
between the symbols in the set to provide a modiii^t ?.zz 
of" symbols having .-nominally ..identical amplitudes and 
phases, and .then .measuring the amplitude and/or phc-.se of 
each -symbol in .-'.the modified set of . symbols and us: no 
these measurements . for; the variation . determination . 

The determined -variation measurements can u^;: 
directly, to form a set the distribution , of which 
then considered to estimate service- quality, or they car*. 
first be' converted: into, a corresponding bit error raos 
measurement, if desired.. The latter can be achieved., 
for example/by relating /the -variation, results to 
equivalent bit .. error -rates - (e v g . . experimentally or by 
- using a -simulation):;; - and -determining therefrom a 
relationship, curve-f it . or look-up table from which 
corresponding; .bit. error ..rates, can- in future be derxvei 

The ; distribution of. parameter values indicative cf 

• signal quality.. dn-. the sampled set . can be assessed as 
desired. .-For. example,- the way -that the. values in the 
set ate spread' or dispersed across a. range of the 

■ parameter -values . can be. -considered. In a particularly 

* preferred -embodiment ,- /the.. distribution is- assp.ssc;f3 i> y 
determining ' tlie . number _pf determined values in the set 
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falling within each of a plurality of particular ranges 
of the parameter value. This sorting of. the determined 
values in the set into plural ranges is a particularly 
convenient way of representing the distribution for 
5 subsequent analysis and use in the estimation process. 
It effectively estimates the probability density 
function of the parameter values in the set (i.e. the 
probability. of the parameter having, a. particular value) , 
since the number of. values, in a range, divided by the 

10 total number of values. in .the set, is the probability of 
the. parameter, value .falling within that range. 

The number and size of the ranges, of parameter 
values to be used can be selected as. .desired. The 
ranges would normally be predetermined,. Each range 

15. could,, for example,, be defined by the. value of. the 

parameter being greater than or less than, a particular 
value, or being, between two particular values. More 
ranges .are more accurate, but increase any calculation 
complexity. .. Three has. been found to be a suitable 

20 number, to give a useful, estimate of the service quality. 
These ranges, could,., for example , be as follows: Range 1: 
< 0.7% BER; Range .2: 0.7% to < 5.7% BER; and Range 3: * 
5.7% BER. In this example.,, range 2 spans the bit error 
..rates thought, tq.be. marginal for communication purposes, 

25 range 1 represents a good, signal, .and range 3 an 
unusable, signal.. . 

It should be noted that the above preferred minimum 
of 10 samples in the set , : the distribution . of which is 
to be assessed, is particularly .suitable for sorting 

3 0 into three ranges. If additional ranges .over three are 
to be used, the number of samples in each set is 
preferably increased above the preferred minimum of 10 
(in proportion to the number of ranges) to make better 
use of the additional ranges. 

35. The channel service quality is .preferably estimated 

by comparing the distribution of values in the sampled 
set with one or more predetermined reference 
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distribiitions of values of the parameter, and making the 
estimation on the basis of that comparison. Preferably 
the comparison is with plural, preferably three or more, 
predetermined distributions of parameter values , each 
corresponding to a particular, different channel service 
quality. The channel service quality of the sampled 
radio channel can" then be determined to be that of the 
reference distribution which' its sampled set 
distribution most closely matches . The predetermined 
reference comparison distributions can conveniently be 
stored In memory means in"' the radio channel quality 
estimation apparatus. 

The number of- predetermined distributions for 

" comparison can* be selected as desired. More comparison 
distributions increase the usefulness of the quality 

"estimation, but are more susceptible to "erroneous 
estimation, whereas ■ f 'ewer comparison 'distributions make 
the 'process less useful.' 'Three' comparison 
distributions, corresponding to "good", "neither I! and 
"bad" channel service' quality/ have been found to 
provide "a useful estimation function/ ' 

The reference distributions are preferably 
represented in a manner corresponding to' the way in 
which the distribution of parameter values in the 
sampled set of values is to be assessed, as this makes 
the comparison process more straightforward; 

Thus, in a particularly preferred embodiment, where 
the distribution of values for the sampled radio signal 
is assessedby determining the number of values in the 
set of sampled parameter values falling within 
particular value ranges, the comparison reference 

'distribiitioris each : comprise a set of numbers 
representing the probability of the parameter value 
- falling wichin the same particular value ranges for a 
signal of the quality-" that the reference distribution 
represents; J Most preferably, where . a 'predetermined 
number of sampled values is used for the or each set to 
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: b~ analysed, the comparison distributions comprise the 
■- number of the values . in a set of that predetermined 

• number of values that should fall within each of the 
particular ranges for a signal of the quality that the 

5 reference distribution- represents . 

These arrangements. make. the comparison process 
particularly straightforward, since the closest 
comparison distribution can be found by comparing 
directly the numbers in the comparison distribution wxth 
10 the number of values in each range determined for the 
set of sampled values.. The closest comparison. 
. distribution can be found, for example, by determining 

• which comparison distribution has .the minimum estimated 
• mean square error with the sampled set value 

15 distribution. 

This arrangement is thought to .be a particularly 
convenient way of estimating the quality. of service 
provided by a radio- channel. Thus, according to a fifth 
aspect of the present invention, there is provided a 
20 'method of estimating, the quality of service of a radio 
channel in a radio communications system, comprising: 
- determining the. value, of a parameter indicative of 
■ signal quality: for each of. a plurality of .. samples of a 
signal on the radio channel; 
25 determining the number of values,, of a 

predetermined number of the determined parameter values, 
falling .within, each,, of -a .plurality of predetermined 
' ranges of the parameter . value ; 

-comparing. the set of determined numbers of values 
30- falling within each range with two or mpre predetermined 
. setsofnumbers of, parameter values .falling within each 
range, - each predetermined, set corresponding to a 
- — -particular., signal quality; and . . 

estimating the .quality of, service to be the quality 

35 of service represented by the predetermined set that the 
set of determined. numbers of -values. falling within each 
range most closely matches.. 
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^ Thus, according to a sixth aspect of the present 
invention, there is provided an apparatus for, estinv.uir 
the quality of service of a radio channel in a radic 
communications system;- comprising: 

means for determining the value of a parameter 
indicative of signal quality- for each of .a plurality of 
samples" of a signal on ■ the 'radio .channel ;. 

means for determining- the "-number of values, of a 
predetermined number of the determined .parameter values 
falling within each oi - a plurality of predetermined 
ranges of the parameter value; - 

means for storing two or more predetermined sees c 
numbers' of parameter values falling within each range, 
each predetermined' set corresponding to... a particular ■ 
signal quality; 

means for comparing the set of. determined numbers 
of Values failing -within each range -.with the 
predetermined sets of numbers of parameter values 
falling within each range; and" 

means for estimating- the quality of service on the 
basis of the' comparison. '• 

The predetermined -reference 'distributions can be 
determined as desired, e.g. by analysing the parameter 
value distribution in samples of actual radio signals. 
Alternatively, the radio signals- could be simulated in 
known radio system simulation packages _ajid the 
distributions determined from the simulation . 
Preferably these ' reference distributions ; are . determined 
iising"a large number of samples, to. make them 
statistically' reliable : ; : The distribution .of . values frc 
the simulation or actual measurement may be used 
directly for the rfefereince ■distributions or, the 
comparison distribution's can be: modified, e-g- in the 
light of ■practical experience, .to', for example, take 
account *of -quantisation effects if a limited number of 
value ranges ' is to be used in the* "estimation process. 

In a particularly preferred embodiment, the 
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estimation is further dependent on the speed of the 
mobile radio and thus the present invention further 
comprises a step of or means for determining the speed 
of a mobile radio. The Applicants have found that the 
5 velocity of a mobile radio can-.af feet the ■ results of a 
radio channel quality ^estimation process. This is 
because, inter alia,- radio signal fades are determined 
by nodes in the signal, and thus' the more rapidly a 
mobile radi-o : is- travelling the- closer together any fades 
10 will be in time. Also,- the -faster a mobile is 

travelling, the more quickly it is likely to leave its 
present cell. Thus -by modifying the estimation process 
to take account of the mobile's speed, it can be further 

optimised. • 

15 For example, the reference distributions used in 

the estimation process could be ..selected depending upon 
the mobile's speed, with. there- being different such 
distributions associated with. different, speeds of the 
mobile . For example-, three sets of reference 

20 distributions- could be stored: in the mobile radio unit, 
■corresponding to low, medium. and high speed (e.g. < 3 
km/h (no mobility-, no handover expected), 3 to 30 km/h, 
30 to 100 km/h, and 100 to 500 km/h). The mobile unit 
would then- choose the appropriate set of reference 

25 distributions for comparison with the observed samples' 
distribution- oh the- .basis of. .its current, speed. 
: - • -Indeed-, the idea of modifying a radio channel 
- ; quality. of service ^estimation process to take account of 
the speed' of a mobile radio is- thought to be - 
3 0 advantageous in its own right and not just . in the 
context of the present quality estimation process. 
- Thus according to a seventh- aspect .of- the present 
' invention, there is provided- a method of : estimating the 
quality of service of a radio channel for : a : mobile radio 
35 in a radio' communications system, comprising: 

determining the current speed of . the mobile radio; 
selecting in accordance with the determined speed 
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of* the. mobile radio one radio channel quality estimation 
algorithm from a group of predetermined radio charts; 
quality estimation, algorithms ; and • 

estimating* .the radio channel quality using the 
5 selected algorithm. 

- According to. an eighth aspect of the present 
invention, there :is . provided an. .apparatus- for est ircac-i :k? 
the:quality of service of a.. radio.- channel, for a rroL-:; 
radio in a radio., communications system, comprising: 
10 means for. determining ..the current speed of the 

mobile radio; r ■ : : : ... . . 

• -means for storing a number of predetermined raoj- 
channel -quality estimation algorithms, each algorithm 
being associated with a particular mobile radio speed cr 
15 speeds ; - ; . ■ 

means for selecting one of the stored preder.er.T-: .we-d 
- - algorithms on. the .basis .of , the determined speed, and 
- * means . for ^estimating -the radio channel quality 
using the selected algorithm. 
20 ? he quality, of service estimation method and 

apparatus of the present invention-, can be used vnenev^r 
quality of service estimates would normally be used, for 
•example- in handover and cell, or base station re- 
selection processes: '. It could be operated repeated! / 
25- -selected, e.g. regular intervals, to provide a 

continually. -'-updated estimate of phe;seryice quality on 
-tbe chaiihe];, or .on' idemand .(e..g. .when, requested by a 
base-station) When operated -repeatedly, the channel 
quality can be estimated each time without- duplication 
,30 of the .parameter values in the sets of which the 

• • distribution ;;is .being considered,, e.g. when ten values 
- v are used, every .-ten new samples. . Alternatively, it can 
b>e "estimated using values used in. a previous estimation 
■ together with, new values, :. e.g. after each new sample 
35 (using • the., necessary-number, of. immediately preceding 
values 'as • the 1 remaining values.) or every two or three 
new samples, etc. 



« 
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The methods in accordance with the present 
invention may be implemented at least partially using 
software e.g. computer programs. It will thus'be seen 
that when viewed- from a, further aspect the present 
5 invention provides computer software - specif ically 

adapted to carry out the methods hereinabove described 
when installed on data processing means-. The invention 
also extends to a computer software carrier comprising 
such software which when used to operate a radio system 
10 comprising, a digital computer causes in^conjunction with 
said computer said system to carry out the steps of the 
method of the present invention. Such a computer 
software carrier could be a physical ; storage medium such 
: as a ROM chip, CD ROM or -disk, or could be a signal such 
15 as an electronic .signal over wires, an. optical signal or 
a radio -signal such as ..to -.a satellite or the like. 

It will further be appreciated ,that not all steps 
of ;the method of the invention need .be. carried .out by 
: computer software and .thus from a further broad, aspect 

20 the present invention provides computer- software and. 

such software installed on a computer software carrier 
.for carrying out at least, one of the steps of: the 
methods set out hereinabove, . ; 

A number. of preferred embodiments of the present 
25 invention will now., be. described by way of example only 
and with, reference to : the accompanying drawings, in 

. • Which ; : ••- 

Figure 1 shows a probability density function of 
burst. errors for a TETRA signal . having -a* 0 . 7% bit error 
3 0 rate; _ . ^ . . - 

Figure 2. shows a probability density function of 
burst errors for a TETRA signal having a. -2% -bit error 
rate; ■■-.*' - - 

.Eiaure 3 shows a probability density function of 
35 burst errors, for a TETRA; signal having a 6% bit error 
rate; . . ... ... 

Figure 4 shows an apparatus for determining the 
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variation of a set of sampled parameter values; 

Figure 5 shows a modulated n/4 differential 
quaternary phase -shift keying modulated TETRA signal; 

Figure 6 .shows the demodulated form of the signal 
shown in Figure 5; ' 

Figure 7- shows - the demodulated 'constellation points 
of Figure 6 mapped to the first- quadrant : of the graph; 
and • . . - : ~ • 

Figure 8 shows the probability density function of 
the points on the graph siri Figure 7; and ■ 

- "Figure 9 is a graph of .signal power against time 
for an exemplary radio : si-gnai subjected : to a Rayleigh 
fading envelope . . - 

The following embodiment of the present invention 
illustrates' its use in a TETRA' system using the bit 
' error -rate alone as the -parameter indicative of signal 
quality (although 'as -noted above, other parameters can 
be used ; instead) , and compares it to channel service 
quality- estimation using the average bit error rate. 

• Firstly, a number of bit 'error -rate probability 
density functions for known-signal strengths and 
qualities were "determined to act as reference parameter 
value distributions. 

This^ was- done' by simulating TETRA signals of known 
quality using the COSSAP^TETRA system simulation package 
(COS-SAP : is a digital simulation software ' package 
licensed by Synopsis Inc., 700 East Middlefield Road, 
-Mountain View, CA'94043, U.S. A: ) and analysing the 
probability density function of the burst • errors in 
those , signals. Of course, other system simulation tools 
: could- be used, if ' desired . The simulation was 
" configured- to- provide the" bit error rate's-' (BERs) of the 
bursts (i.e. packets) in the signals. 

A number of simulac-ioris were performed using the 
' standard' fixed point, library modelling the TETRA radio 
subsystem. The number of errors per burst for 20, one 
burst's were collected and dumped to a file. Individual 
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files were created for a- signals over range of carrier 
to interference, C/I, values corresponding to average 
BERs of 12%, 6%, 2%, 0.7% and 0.4%, 

Using the Mat lab numerical analysis package (again 
other packages could" be used, if desired), the data from 
the 6%, 2% arid 0.7% -trials were, used to generate a 
probability density function - (PDF) for each of the 
trials. These trials were chosen because 2% BER 
represents a quality threshold in TETRA. To more 
accurately simulate the -process that - will ..occur in TETRA 
when neighbour cell' monitoring is' done during a full 
duplex call, only- the- burst- in the 18th frame was 
considered ■. 

The measured BERs from the simulation were grouped 
-into three ranges or ■ -bins : -as shown in ..Table l below.. 

Table ! . ClaVsif iVatien' of Bins' for the BER PDF analysis 



Binl " 


Bih.2 


.... B i n -3 


<0.7% 


>=6 .7%-<5 ."7% 


">=5.7% 



. The number of value ranges was restricted to three 
because it was felt that satisfactory performance could 
be achieved with three ..thereby ...reducing the algorithmic 
complexity.,- .More ...ranges could be. used, if desired. 

Probability density functions using these BER 
ranges were estimated for the 6% (representing a bad 
channel), 2% and 0.7% (representing a.., good .channel) 
overall BER data.. These PDFs are shown in Figure -.1, 
Figure. 2 and Figure 3 . • ; 

- - , From the form of the. PDF.S .it is. clear r that the 
three different channel states exhibit bit error rate 
distributions. or probability, density functions that are 
different. The. distribution of ,the. bit error rate 
values can therefore be used as a channel quality 
"fingerprint" for comparison with a sampled channel. 
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■ Using the above PDFs, the- number of sampled BER 
values.of a signal of that quality from a set of ten 
sampled values expected to fall, within the BER- ranges 
(bins) shown in Table. 1 were estimated to- give reference 
bit error rate value ..distributions, for the three channel 
quality types. "good" , "neither" and "bad". These 
reference distributions, are to .be used as comparisons 
for the channel quality. estimation, (A set of ten 
sampled values was considered, because that was how many 
samples of the actual signal being. analysed were to be 
used in the.- estimation process ,. but clearly , other 
numbers of values could ;be considered.) T 

Table 2 shows the estimated value distributions: 



Coefficients for Channel "Fingerprint" 





• BIN3— - 


" BIN2 .. 


■- BIN1 


"Good" 


0 


■— - --1-. 0 


9.0 


"Neither"- 


• .. l .-5 




7.0 


"Bad" .. 


.. .2,5 . ..... 


-■■ ■ 1 , 5 • _ ■ 


. 5.0 



The numbers of values differ slightly from the 
values that would be derived directly from the 
determined PDFs, because 'it was found that by varying 
slightly the number of values obtained from the PDF 
estimate for the channel quality a better overall result 
could be obtained; The amount to vary the number of 
values by can be determined experimentally by seeing 
which distribut ions .of values w6rk best -in practice. 
(It is believed that the' best set ' of numbers : of values 
may not correspond direct ly* tq^ PDFs estimated from the 
simulations because of : the ef f eccs^r quantiaatiw ^<>^^ 
when" using only three "ranges with'ten samples per 
quality estimate. These factors are presumed to add a 
slight weighting to the numbers of values in each range 
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that may be difficult to assess- from a -theoretical 

analysis . ) . 

The value distributions or channel, quality 
"fingerprints" in-Table 2 may : be used to estimate which 
5 of the 3 quality states a given radio channel is in, by 
comparing them with the distribution of a set of 
parameter values sampled from a radio signal on the 
radio channel . • . 

It should be noted that the simulations were 
10 conducted using a fading rate corresponding to 50 kph at 
AOQ MHz. This means that these derived comparison 
distributions or "fingerprints" are. optimised for the 50 
kph case. By repeating the simulations using fading 
rates corresponding to other speeds at 400 MHz, 
15 comparison distributions, optimised for those other 
speeds can be derived. This is because the 
distributions will .vary depending, on. the mobile unit ' s 
speed. At 'high-speed Doppler shifts, will contribute to 
the error mechanism, but errors due to fades will be 
20 short in duration (not affecting many bits in a burst) L 
but frequent in occurrence . At low. speed, fades will be 
- of long .duration, 'blanking out long, sequences, of bits, 
and causing problems for FEC mechanisms . 

In the present embodiment the bit error rate of the 
25 ' packets (or bursts) , in every ,18th frame of a TETRA 
signal on . a radio .channel ^ w.as. determined and the 
distribution, of a set ..of ten bit error rate values 
sampled from that single channel compared with the 
reference bit error rate value, distributions of Table 2. 
The. distribution of the bit . error rate values of the ten 
samples was determined . by sorting them into. the three 
ranges described in Table 1, and this distribution was 
then compared with. tb. predetermined distributions 

described above by estimating the mean square error 
35 between it and each comparison reference distribution. 
The channel state represented by the comparison 
distribution that produced the minimum mean square error 
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was selected as the current channel quality state of 
channel carrying the sampled signal. 

Explicitly, the channel state is given by the v=.i Uc 
of j which minimises the following expression- 



Mi n 



3 

2=1 



J=l,2 f 3 



Where x t is the number of sampled BER values in the i-" 
bin or range, and are the ; predetermined number of 
valtJes given in Table 2 where i is the bin' or range 
number and j is the quality •identifier (j=i-. Good; j=-2 : 
Neither; j=3: Bad). ■■■■■■ - . ■ 

To continuously monitor the 'quality of a radio 
channel, this process can be repeatedly performed (e.g. 
in the present embodiment every 10s ' (which corresponds 
to 10 lots- of the 18th frame) y or by using a sliding 
process where the most recent 10 measurements are used) . 

As can be seen, the numerical processing only 
involves the squaring of nine : numbers, and can easily be 
performed in the control processor of a mobile radio, or 
base station, as desired. 

The performance of the present embodiment will no-A- 
be assessed by comparing it with quality of service 
estimation using the arithmetic mean of the BER. As 
; stated- earlier, : using 1 - the arithmetic mean 'is susceptible 
to errors caused by a single burst with "an abnormally 
high bit error rate. 

In this comparison, the estimated' mean was used -to 
quantify the' channel states as good, bad or neither 
according to the following thresholds : 
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Table 3. Classification. of Channel Quality for the 
BER Mean Method 



" Good" 


"Neither" 


"Bad" 


. . <0y7% : 


>=0.7% to <6% 


*' > = 6% 

1 . — i 1 



10 



15 



20 



25 



•3 0 



35 



' -These thresholds- are nominally the same as the 

ranges used for estimating the BER value distribution in 
■the method of the present . embodiment . 

To assess the performance of the. methods, two sets 
of COSSAP simulation data were used to simulate a good 
channel and a .bad channel. Furthermore, in addition to 
using good and bad channels, two speeds (50 kph and 3 
kph) were used to see what effect the speed of the 
mobile- had on the. estimation performance. As noted 
above, the reference distributions of the present 
embodiment was optimised for the -^0 kph case but if the 
, mobile : hasV"a-' knowledge, of . .its. speed then it could be ■ 
modified to- operate better at a speed of around 3 kph 
(for example , by using .reference distributions obtained 
by repeating the simulations using a fading rate 
corresponding to 3 kph at 400 MHz) . 

To assess: the accuracy of recognising a bad channel 
at 50 kph, a COSSAP simulation with an average; BER of 
•12%- using a typical urban radio channel at 50 kph was 
created. ^ The number of errors per burst were counted 
and stored in a data . file for analysing using a Matlab 
script. An average BER" of about 12% should be 
definitely classified as a bad channel. - 

Table 4 shows the number of 'occasions for which the 
channel was classified as either good, bad or neither 
for each method. It can be seen that the present 
- rhventfion provides the most accurate, reporting of 
channel states with: no inaccurate, estimates and a small 
number of "neithers". The mean estimation does not 
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perform quite so well reporting a larger number of 
' "neithers" but no incorrect estimates , - 

Table 4. Performance of Channel Estimation Methods at 50kph 

5 . "77 , " " ' ' ■ ■ • ■ 



Method 


. "Good" 


"Neither" 


"Bad" | 


New 


0 


18 




! 


Mean 


0 


123 


1875 


-1 

! 
1 



The COSSAP " simulation' was then repeated with an 
average BER of 12% and' a' typical urban channel model at 
3 kph ." • ■ ' ' . . 

The results of the analysis of the two methods are 
shown in Table 5. 



Table 5. Performance' of Channel Estimation Methods at 3 kph 



20 



Method 


"Good" 


"Neither" 


"Bad" 


New 


32 . 


293 


1673 


Mean 


'•- - '-12 •• • 


335 


1651 



;It is. clear Irom-these results that, the present 

■ -'invention predicts ...the .bad channel marginally better, 

buz also reports ...more good channels.-. As stated earlier 
• uhe distribution \of the . bit- .error rates is. different at 
•30 low. speeds. If the .vehicle speed. -.can be estimated, then 
tii'j set 'of comparison -distributions, can be optimised for 
di fferent speeds : ■ • . ' v 

;Two COSSAP simulations that simulated a good radio 
channel (an average bit error rate of. 0.4%) were then 
35 performed. The first simulation . propagation channel 

■ used -a. typical urban propagation model at 50kph. 

The ■ performance of the two methods is shown in 
Table 6 below. 
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Table 6, Performance of Channel Estimation, Methods at 50kph 



Method 


"Good" 


"Neither" 


"Bad" 


New 


1760 


234 


4 


Mean 


1598 


400 


0 



The results show that the present invention 
predicted the good channel better, but also predicted a 
slightly higher number of Bad channels. 

, A ..COSSAP_.simulati.on.... that.. . simulated a. Good radio 
channel (BER of 0.4%) using a typical urban ^propagation 
channel at 3 kph was then performed. 

The performance of the two methods is shown in 
Table 7 below": ' " ' 

Table, 7.^ Perf prmance of Channel Estimation Methods at 3kph 



Method 


"Good" 


"Neither" 


"Bad" 


New 


. . 1877. .... 


121 


0 


Mean 


1528 


447 


23 



A brief review of these results show that the 
" ; - present invention- performs, better- at low speeds under 
• Good channel conditions.: 

...-.*■ The two methods were : also compared for situations 
where a burst with a; high average . error rate (50%) is 
present. These high bursts of- errors, may occur due to 
external interference effects, .or from the decoding of 
- - the _wrong_ channel type. * , - 

To simulate this. effect, the. same simulation data 
from the COSSAP simulations was used, but one of the 
bursts was randomly substituted by an error burst with 
an error 'rate of 50%. The. number and location of these 
-bursts was controlled by. a uniformly distributed random 
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riurnb'eV generator . ; : 

In all of the simulations, the probability of a 

sporadic bad burst was 0.01, i.e. on average 1" per 100 
bursts would have'' arrerrbP rate *of '50% ; " Whilst this is 
an extreme case, it illustrates the- limiting . performance 

of- the- two methods . 

Table 8 shows the results of this simulation: 



10 



Table 8 . Performance in the Presence of 
Sporadic Burst Errors 



Method 


BER 


Velocity 


Number 
"Good" 


Number' 
"Neither" 


Number 
"Bad" 


New 


0.4% 


50kph 


■' 1674' 


'320 


• 4 


Mean 


0.4% 


50kph 


1449 


531 


18 


New . . 


0,4% 


3kph 


....1.82.3 


.168 


1 


Mean 


0.4% 


3kph 


13 82 


555 


61 


New., r.z 


: ..:12% 


•50kph 


o • 


15 


1983 


Mean 


12% 


Sd'k'pn 


6 


Ill 


1887 


:New 


12% 


•3kph 


; 27 


" 288 


1683 


Mean 


12% 


3kph 


11 


310 


1677 



15 



20 



25 



^s can"' be se~en the. results of : the present invention 
hardly, change for the good channel conditions., but the 
: mean- method is' quite : susceptible to these error bursts 
3 0 with quite : a' dramatic increase in .the., number of Bad 
channels ' reported. : .:. ■ 

For -the Bad channel- under both low and high vehicle 
speeds, there is little noticeable change- in .performance 
- from bither- method, as would be expected.- 
35 As can be seen from all of the above results , in a 

comparison with a method - bas_ed on an estimation of the 
mean BER/ - "the method of the present invenciori^p^iQrms 
best for most conditions and extremely well under all 
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conditions. 

Although the above examples have used the bit error 
rate as the parameter indicative of signal quality, as 
noted above, other parameters could be used, and one 
■preferred such measure is . the variation of a set of 
determined instantaneous values of. a particular 
p-r~ ;; ^: : 'lver f^r a signal on the radio channel. 

I shows ;an apparatus .1 suitable for 

"Variation in parameter values, of a 
*t » channel, and in particular of a n/4 

quaternary phase-shift keying (n/4 DQPSK) 
n ;|s^ signal, such as might be present on that 

c .'■ vi- ., . ■ - ' . • • .. 

/?ine. plot of a sequence of TETRA n/4 DQPSK 
constellation points- of an exemplary complex n/4. DQPSK 
signal is. shown in Figure 5. A signal 2 such as this is 
input to a differential demodulator 3 of the apparatus 
1, in which a sequence of such constellation points, x, 
which may be described by: 

n =1, , N 

. X . .. = [X) , x ;> x 3 , . , x H ] 

X n ~. = In ■+■ j -q.. .. 

is differentially demodulated, as is known in the art, 
to produce a QPSK constellatipn like the one shown in 
Figure 6. The points, in Figure 6 are the symbols of the 
signal (i.e. the parts of the ^signal which represent the 
data in the signal) and form the samples whose 
instantaneous parameter values.. (and their variation) are 
co be determined. The radius of - the circle on which the 
constellation points lie (at the phases +n/4, +3n/4, - 
n/4, -3n/4) is proportional to the mean symbol energy 

-. The sequence .4 of demodulated, constellation points 
or .s./mbcis, y, is given, -ae is .known in the art, by: 
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fy>- Y:>, Ys, y„, yj 
x„ . Conjugate (x,,., ) ' 

(i„-i„-, + q„-q„-.) +j • (q„. i n -i - i- -q„-,") 

Each demodulated constellation- point comprises two 
orthogonal 'soft decisions' whose magnitude represents 
the instantaneous energy in "the "in -phase ■ and • quadrature - 
phase components of the signal samples.' • 

The magnitudes of the instantaneous energies of the 
in-phase and quadrature^ phase 'components of each 
demodulated constellation point in the sequence 4 of 
demodulated constellation points is then determined 
(this effectively maps the demodulated constellation 
points to the first quadrant to give a graph as shown in 
Figure 7) to generate the - IQ scalar energy or: symbol' . 
energy sequence', p: '• • " 

P = tPl/ P 2 / P3/ P<7 - • - - • , P 2 N'] 

P 2n -i = |Re{y n }| 
p 2n = |lm{y n }| 

The variance a 2 of a set of the values in the scalar 
amplitude sequence can then be determined using standard 
statistical analysis: 

E[(p- M ) ? ] ' ~ 

E[p 2 ] - 2E[p./x]+E[ M 2 ] i 
E [p 2 ] - 2/iE tp] +ix 2 
E[p 2 ] -- : 2/x 2 + M 2 
E[p 2 ] - fi 1 - s 
2 (p„ 2 /Nj 
2 (Po/N) 

where fi is the mean symbol energy value of the 
number N of values in the set being used, and E [a] = 
E(a n /N) . ' '•' "• ""-:''• 

A parameter indication of signal quality is given 
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by the variance : 

o :: - >::(p m 7n) - (>;( Pn /N) ) . 

5 A low value of o : * indicates a good signal quality. 

Any additional in-band channel energy will increase o" : , 
indicating a. signal quality degradation. The signal 
quality indication therefore : responds to co-channel 
interference, adjacent channel interference, and narrow 

10 band, jamming ;in addition to additive white Gaussian 
noise . v ■ , : - .* ■ 

Figure 8 shows an exemplary probability density 
function for a symbol scalar amplitude sequence derived 
as described above. 

15 . ■ Although in the above- example the variance of the 

energy sequence was determined, as can be seen from 
Figure :7, there .are -four common. .characteristics or 
parameters of the. mapped symbols. . These are: 

20 :-:o-- The distance of the mapped symbol from the origin 
' . • °" "The real part of : the. mapped symbol. 

o The imaginary part, of the mapped symbol . 
o The phase of the angle; subtended by the complex 
..vector and the real . axis . 
25 ■ . . .. • : ... -. 

The variation; of : . any. or : all o£ .these parameters could be 

v considered^. -if - desired.. . • 

.. . The above example; uses the variance - of the set of 
parameter values as an indicator- of signal quality. 
30 Other metrics indicative, of the sampled, values' 

variation. can be used, . One . preferred such metric is to 
^divide' the : mean, of the set of values, e.g. .symbol 
energy /x p/ . by. the standard deviation, of the set, o. This 
.. gives a metric which is proportional to the mean symbol 
35 energy . (Es); and inversely -proportional to both the 

background noise (N 0 )and the interference (C^) levels, 
* which will each serve to increase the -standard deviation 
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of the energy distribution: 
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Q = M P /o lt 

- Es/(N 0 + C,) 

This is a good metric upon which to base estimates of 
service. quality and/or .bit * error -rate (e .g. by means of 
curve fitting or the use of lookup tables from 
simulation or actual situation analyses) - . - 

In:- this embodiment -the inverse square metric, Q INr< 
is preferably used as the quality of service indicator: 

• QiND = i/Q 2 . - \ 

= ^p 2 /m p 2 

= (E[p 2 ]/E[p] 2 )-l ... . 

as this makes computation easier.' The value Q IND may be 
readily calculated and gets smaller as ..the quality of 
service improves . 

By evaluating the metric Q IHD on .the sequence p as 
described above , an- efficient method- for estimating the 
service quality of a TETRA: signal is obtained. 

In the above ^embodiment the mean ; symbol energy, 
/x p , is preferably substantially constant throughout the 
set of .symbols, as then any variation will be due to 
signal^distbrtibn'.- This has important, implications when 
considering a practical radio' communications system 
which may be- subjected -to a' Rayleigh fading envelope, as 
shown for example,- in Figure 9.. 

- For example," the number of successive symbols N, 
over which a 2 is evaluated should be less , than T Q /T S 
(where. T 0 is- the period over which the mean signal 
amplitude /z p is substantially constant and T s is the 
symbol period) , since- over this set -of symbols the mean 
symbol amplitude remains substantially constant. 

If a 2 is evaluated over an over an extended perioc. 
T v , by taking one long symbol sequence of length (Tv/%) 
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then the value fi v is no longer constant, and ..its . 
variation would contribute to the signal quality metric 
o~ and make it less reliable. 

The time: T tJ over which to evaluate the metric c 
can be selected as desired with these factors in mind. 
In a. TETRA system, which is specified up to speeds of 
200 kph, for example, Q 1Nlt could* be evaluated over N=16 
symbols, since at this speed the fading envelope is 
roughly constant, over: such a period . 

In. an embodiment where the variation of a set of 
parameter values is -being .used as the parameter 
indicative of signal quality, variation values for 
successive sets of parameters would be determined as 
above,, and then, the distribution of a set of plural 
variation values used to estimate the radio, channel 
service quality. 

: The present invention can .be implemented in. a 
mobile radio system as desired. . It could, .for example, . 
•be: used by the mobile radio unit itself or a base- 
station of the system. It can be implemented in 
hardware or software, as will be appreciated by those 
skilled in. .the art. . 

The. quality . of service, estimate provided by the 
present invention can -be used wherever such estimates 
are normally used, such as to aid handover and cell- 
. deselection .decisions . ;* \ ' . 

. Although the. present embodiment has. keen described 
with specific reference to the TETRA radio system, it is 
. equally applicable to other radio, communication systems, 
. such as other private .mobile radio . systems , or cellular 
telephone systems. 
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Claims r, 

1. A method of estimating the quality of service of a 
radio channel in a radio communications system, 
comprising:: 

determining the value .of- a. parameter ' indicative ci 
signal quality for each of. a plurality of samples f : , 
signal on the radio channel and . 

estimating the ; radio .channel service quality on t he 
basis of ..the distribution of .the values, in a set of two 
or more of the determined parameter, values . 

•2.. A method as. claimed in claim 1, wherein the 
• parameter indicative, of . signal quality is the estimated 
• bit error rate of the- signal "sample . 

3 .' A method as claimed in -claim 1 or. 2, comprising: 

determining the -value of a particular parameter for 

each of a plurality, of samples . of a modulated signal or- 

the radio .channel; . ■ 

determining the. variation -of a :set of two or more 

of the determined parameter values,-: and 

using the determined variation as-one sampled value 

of:. the parameter indicative of signal quality . 



4. A method of estimating ;the, quality of .service of a 
•radio channel in a. radio: communications system, 
comprising: 

determining the value of a particular parameter fc3 
each of a plurality of samples • of a modulated signal on 
the radio channel; 

determining the variation of a set of two or more 
of the determined parameter values; 

determining the variation of at least one fuithei 
set of two or more of the determined parameter values; 
and 
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estimating the radio, channel service -quality on the 
basis of the distribution of. the values in a set of two 
or more of the determined variation values. 

5. a method as claimed in claim J, or 4, comprising 
converting the determined variation values into 
corresponding bit error rate estimates, and using the 
distribution of a set of two or more of the 
corresponding bit error rate estimates to estimate 

) service quality. 

6 . a method as claimed in any one of the preceding 
. claims, comprising, assessing the distribution of 

parameter values indicative of. signal quality in the 
15 sampled set. by estimating the probability density 
function .of. the parameter values in the set. 

7. A method as claimed in any one of the preceding 
claims, comprising assessing the distribution of 

0 parameter.-, values indicative of .. signal quality, in the 

sampled set by determining the number of values in the 
set falling within each of a plurality of particular 
ranges of the parameter value. 

25 8. A method as claimed, in any one of the preceding 

claims-, - comprising estimating channel, service quality by 
comparing the distribution of . values in the sampled set 
with one or more predetermined, reference distributions 
. of values of the parameter, , each, reference distribution 
30 representing a particular .channel , service quality, and 
making . the estimation on. the basis . of that comparison. 

9. A method as claimed in. : any one. of the preceding • 
claims, comprising estimating channel service quality by 
35_ : comparing., the distribution, of values in the sampled set 
with two" or more predetermined reference distributions 
of values of the parameter, each. reference distribution 
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representing a particular, different channel service 
quality, and estimating the channel service quality to 
be the quality of service represented by the • 
predetermined reference distribution that the 
distribution of values in the sampled set most closely 
matches . 

10. A method as claimed in claim 8 or 9, comprising 
assessing the distribution- of values for the sampled 
radio signal by determining the number of values in the 
set of sampled parameter values falling within 
particular value ranges, and' wherein' : the comparison 
reference distributions each comprise a set of numbers 
representing the probability of the parameter value 
15 falling within the same particular value ranges for a 
signal of the quality that 1 the reference distribution 
represents . 



10 



20 



11. A method of estimating the quality of . service of a 
radio" channel in a radio communications system, 
comprising: '. :- 

determining the value of a parameter indicative of 

signal quality for each of a plurality of samples of a 

signal on the radio channel; 
25 determining the number of values-, of a 

predetermined -number" of the determined parameter values, 

falling within each of a plurality of predetermined 

ranges of the "parameter value ; 

comparing the set of determined numbers of values 
30 falling wi thin each /range with two or more predetermined 

sets of numbers of parameter values falling within each 

range, each predetermined set corresponding to a 

particular signal "quality ; and 

estimating the quality, of -service to. bo the ^ci&iicy 
35 of servite^rep^e'sented by the predetermined set that the 

set of determined numbers of values falling within each 

range most closely matches. - 
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12 : A method as claimed in any one of the preceding 
claims, further comprising determining the spefed of the 
mobile radio receiving the signal on the radio channel 
5 ' and wherein the service quality estimate is also based 
on the determined speed of the mobile. radio unit. 

13. A method of estimating the quality of service of a 
radio channel available to a mobile radio in a radio 
10 communications system, comprising: 

determining the current speed of the mobile radio; 
selecting in accordance with the determined speed 
. of the mobile radio one radio channel quality estimation 
algorithm from a group' of predetermined radio channel 
15 quality estimation algorithms; and 

estimating the radio channel quality using the 
selected algorithm. 
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An apparatus for estimating the quality of service 
of a radio channel in a radio communication system, 
comprising : 

means for determining the value of a parameter 
indicative of signal quality for each of a plurality of 
samples of a signal on the "radio channel; and 

means for estimating the radio channel service 
quality on the' basis ; of ' the distribution of the values 
in a set of two or more of the determined parameter 
values . 

15. An apparatus as claimed in claim 14, wherein the 
parameter indicative of signal quality is the estimated 
bit error rate of the signal sample. 

"T6\ An apparatno claimed in claim 14 or 15, 
3 5 comprising: 

means for determining the value of a particular 
parameter for each of a plurality of samples of a 
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modulated signal on the radio channel; 

means for determining the variation of a set of t_ WL . 
or more of the determined parameter values; and 

means for using the determined variation as one 
sampled value. of the parameter indicative of signa] 
quality.. 

17... An apparatus for estimating the quality of' service- 
.. of a radio channel in a radio communication system, 
comprising: 

■ means .for determining the value of a, particular 
parameter for each of a plurality of samples of a 
modulated signal on the radio channel ; 

; means .for determining, for each of two or more sets 
of two or more of the . determined parameter values, 
variation of the determined parameter values in the set; 
and 

means for estimating the radio channel service 
quality on the basis of the distribution of the values 
in a set of two .or more of the determined variation 
values . 

18. An apparatus as claimed in claim 16 or 17, 
comprising means for converting the determined variation ' 
values into corresponding bit error rate estimates, and 
.means for using,. the distribution of a set. of two or more 
•of t he ...corresponding bit error rate estimates to 
estimate service quality. 



!...'., An apparatus as claimed in any one of claims 14 to 
18, : comprising, means for estimating the probability ' 
density function of the parameter values in the set and 

nscrans for assessing the distribution ~* .™-7ames 

-i-ndi-cacive or signal .quality in the sampled set using 
the estimated probability density function. 



20 . An . apparatus, as claimed in any one of claims 14 t o 
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19, comprising means for determining the number of 
values in the parameter value set falling within each of 
a plurality of -part lcular ranges of the parameter value, 
to thereby assess the distribution of parameter values 
indicative of signal quality in the sampled set. 

21. An apparatus as claimed in any one of claims 14 to 

20, comprising:. 

means for storing one or. more predetermined 
reference distributions of values of the parameter, each 
reference distribution representing a particular channel 
service quality; 

means for comparing the distribution of values in 
the sampled set with the predetermined reference 
distributions; and 

means for estimating the channel ..service quality on 
the basis of that comparison. 

22. An apparatus as claimed in . any one of claims 14 to 

21, comprising;. . - - 

means for storing. two. or more, predetermined 
reference distributions of values of the. parameter , each 
reference distribution representing a particular, 
different channel service quality; 

means for comparing the distribution of .values in 
the sampled set with the predetermined reference 
distributions; . and 

means for estimating the channel service. quality to 
be the quality of service represented by the 
predetermined reference distribution. that the 
distribution of values in the .sampled set most closely 
matches . 

23. An apparatus as claimed^in " claim ""2 fc l or 22, 
comprising 

means for determining the number of values in the 
set of sampled parameter values falling within 
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particular value ranges, whereby the distribution of 
values for the sampled radio signal may be assessed; and 
wherein the ' comparison reference distributions each 
comprise a set of numbers representing the probability 
of the parameter value falling within said particular 
value ranges for a signal of the quality that the 
reference distribution represents. ' 

24. An apparatus for estimating the quality of service 
of a radio 'channel • in a rkdib communications system, 
comprising: ' 

means for determining the value' of a parameter 
indicative of signal quality for each of a plurality of 
samples Of a signal on the radio channel; 

means for determining the number of values, of a 
predetermined' number of the determined parameter values, 
falling within each of a'plurallty of predetermined 
ranges of the parameter value; 

means for storing two or' more predetermined sets of 
numbers of parameter values falling within each range, 
each predetermined set corresponding to a particular 
signal -quality; 

means for comparing the" set of determined numbers 
of values falling within each range with the 
predetermined sets of numbers 'of parameter values 
falling within each rahg£; and' 4 

means for estimating the quality of .service on the 
basis of the comparison. 

25. An apparatus as claimed in any one of q-laims 14 to 
24 /"further comprising: 

means for determining the speed of the mobile radio 
receiving the signal on the radio channel; and 

whereiri" the service quality estimate is also based 
on the determined- speed of the mobile radio unit . 



26. An apparatus for estimating the quality of service 
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of a radio channel available to a mobile radio in a 
radio communications system, comprising: 

means for determining the current speed of the 
mobile radio; 

means for storing a number of predetermined radio 
channel quality estimation algorithms, each algorithm 
being associated with a particular mobile radio speed or 

speeds; j . 

means for selecting one ;of the stored predetermined 
algorithms on the basis of the;' determined speed; and 

means for estimating the radio channel quality 
using the selected"' algorithm . 

27. Computer software specifically adapted to carry out 
a method a claimed in any one of claims 1 to 13 when 
installed on data processing means. 



28. A computer software carrier comprising software 
claimed in claim 27., "* • 
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